###### Summary box

What is already known about this subject?
=========================================

1.  Colorectal cancer (CRC) surgery is hampered by a 30-day mortality of approximately 5%.

2.  Hypoalbuminaemia (\<35 g/L) in patients undergoing CRC surgery varies from 10% to 57%.

3.  Human serum albumin (HSA) below 35 g/L is associated with overall poor survival in patients with CRC, but the impact on short-term survival after CRC surgery is unknown.

What are the new findings?
==========================

1.  Decrement of preoperative HSA was associated with a concentration-dependent increased risk of 30-day mortality following CRC surgery.

2.  Thirty-day crude mortality following CRC surgery increased from 2.0% among patients with HSA above 40 g/L to 26.9% among patients with HSA equal to or below 25 g/L.

3.  Compared with patients with HSA above 40 g/L, the 30-day mortality HR increased from 1.75 (95% CI 1.25 to 2.45) among patients with HSA 36--40 g/L to 7.59 (95% CI 4.95 to 11.64) among patients with HSA equal to or below 25 g/L.

4.  The negative prognostic impact associated with decrement of HSA persisted independently from other preoperative conditions, including presence of systemic inflammation.

How might it impact on clinical practice in the foreseeable future?
===================================================================

1.  The study highlights the importance of optimise preoperative serum albumin concentration in patients undergoing CRC surgery and aids to evaluate patient\'s postoperative mortality risk.

Introduction {#s1}
============

Surgery is the only potentially curable treatment for colorectal cancer (CRC), but it is hampered by an overall 30-day mortality of approximately 5%.[@R1] [@R2] Advanced cancer stage, presence of comorbidity, and old age at time of CRC surgery are conditions known to impair postoperative mortality.[@R1] [@R3] A common feature associated with these conditions is a decrease in human serum albumin (HSA) concentration.[@R4] [@R5] HSA is the main determinant of plasma oncotic pressure and is a multifunctional protein with a wide range of properties including antioxidant, immunomodulatory, and detoxification functions.[@R6] A previous study showed that a decrease in HSA concentrations from greater than 46 g/L to less than 21 g/L was associated with an increase in 30-day mortality from 1% to 29% among American veterans undergoing major non-cardiac surgery.[@R7] Although it is estimated that hypoalbuminaemia is present in 10--57% of patients undergoing CRC surgery,[@R8] the prognostic impact of HSA among these patients has been sparsely examined.[@R8] Particularly, no studies have examined the concentration-dependent association between HSA concentrations and mortality among patients with CRC, the prognostic impact among subgroups of patients with CRC, or have been able to properly control for potential confounding.[@R8] Moreover, decrement of HSA is often associated with systemic inflammation[@R4] and patients with CRC with hypoalbuminaemia (\<35 g/L) and C reactive protein (CRP) concentration above 10 mg/L are at high risk of mortality.[@R19] However, it is not clear if prognostic impact of HSA is independent from the degree of inflammation. Understanding the prognostic impact of HSA will aid with appropriate risk stratification, allocation of patients to intensive perioperative and postoperative care, and better knowledge to inform patients about postoperative risks. We therefore examined, in a population-based setting, the impact of preoperative HSA on 30-day mortality following CRC surgery overall and among patients with different preoperative conditions and CRP levels.

Materials and methods {#s2}
=====================

Setting {#s2a}
-------

We conducted this cohort study using prospectively collected data from medical registries in North and Central Denmark (with approximately 2.15 million inhabitants) from 1 January 1997 to 31 December 2011. Since 1968, a unique civil personal registration (CPR) number has been assigned to every Danish resident at birth or on immigration and allows accurate record linkage at the individual level among all Danish registries.[@R20]

Patients with CRC {#s2b}
-----------------

Our study cohort included patients undergoing first-time CRC surgery in North and Central Denmark during the period 1997--2011. Patients with CRC were identified using the Danish Cancer Registry (DCR), which contains data on date of diagnosis, stage, and other information of incident cases of malignant neoplasms in Denmark since 1943.[@R21] Tumours registered after 1 January 1978 have been reclassified according to the *International Classification of Diseases* (ICD), *10th revision* (ICD-10). To obtain information on surgery, we linked these patients with CRC to the Danish National Patient Registry (DNPR). The DNPR records information from all hospitalisations since 1977 and from outpatient contacts since 1995.[@R22] Each record includes the dates of hospital admission and discharge, up to 20 discharge diagnoses recorded according to the ICD-8 until 1993 and according to the ICD-10 thereafter, type of admission (non-elective or elective), and type and date of surgical procedures. Since 1996, surgical procedures have been coded according to the Nordic Medico-Statistical Committee (NOMESCO) Classification of Surgical Procedures.[@R23] First-time CRC surgery was defined as the first procedure involving colorectal surgery performed during a hospitalisation where CRC was listed as a diagnosis in the DNPR. CRC surgery was categorised according to the intention of eradicating the primary tumour as radical resection and non-eradicative procedures.[@R24] Radical resection included surgeries such as partial and total resections of the colon and/or rectum while non-eradicative procedures included colostomy, stent placement, or excision of a very small part of the colon. Radical resection was further divided into laparoscopic and open surgery. CRC stage was reported as localised (Dukes' stage A or B), regionally spread (Dukes' stage C), and metastasised. Surgeries were also categorised as elective and non-elective according to the type of admission.[@R25] We restricted the study population to patients living in the study region at the time of the CRC surgery using data from the Civil Registration System (CRS). This system is updated on a daily basis and tracks the vital status, marital status, and residence of all Danish residents.[@R26] The study population was further restricted to patients undergoing CRC surgery in North Jutland after 1 January 1997, in Aarhus after 1 January 2000, in Viborg after 1 January 2005, and in Ringkjøbing after 1 January 2006, reflecting the availability of laboratory data (see online [supplementary table](http://bmjopengastro.bmj.com/lookup/suppl/doi:10.1136/bmjgast-2015-000047/-/DC1) S1).[@R27] The laboratory database contains laboratory tests from inpatient stays, outpatient clinic visits, and visits to general practitioners.[@R27] The National Health Service provides tax-funded medical care covering surgery for all Danish residents and all types of CRC surgery that were provided in the study region during the period investigated.

Preoperative albumin serum concentration {#s2c}
----------------------------------------

For each patient undergoing CRC surgery, we searched the laboratory database for preoperative measurements of HSA (rounded to the nearest integer). Only measurements 1--30 days prior to surgery date were used. In the event of several preoperative HSA measurements within the same individual, we used the most recent one for analysis. Normal HSA interval was defined as 36--45 g/L for persons aged 40--70 years and 34--45 g/L for those older than 70 years. We categorised HSA levels as follows: ≤25 g/L (severe hypoalbuminaemia), \>25 g/L and ≤30 g/L (moderate hypoalbuminaemia), \>30 g/L and ≤35 g/L (mild hypoalbuminaemia), \>35 g/L and ≤40 g/L (low normal albuminaemia), and \>40 g/L (high normal albuminaemia).

Covariates {#s2d}
----------

We quantified patients' burden of comorbidity using the Charlson Comorbidity Index (CCI) that includes 19 diseases, each assigned a score between one and six.[@R28] Using diagnoses registered in the DNPR, we identified the diseases in the CCI at any time prior to or during the CRC surgery admission,[@R29] excluding CRC and CRC metastases. We classified patients as having low (score=0), moderate (score=1--2), or high comorbidity level (score ≥3). We also identified patients with alcohol-related disease defined as alcohol abuse or alcohol-related diseases disregarding alcoholic liver disease.[@R30] Information about marital status was obtained using the CRS.[@R31]

Using the laboratory database, we also collected data on other preoperative blood tests from 1 to 30 days prior to surgery including haemoglobin, sodium, potassium, leucocytes, creatinine, CRP, platelets, international normalised ratio (INR), bilirubin, and alanine aminotransferase. Finally, we computed the preoperative Model for End-stage Liver Disease (MELD) scores using values of creatinine, total bilirubin and INR.[@R32] [@R33]

Diagnostic and surgical codes are provided in online [supplementary appendix](http://bmjopengastro.bmj.com/lookup/suppl/doi:10.1136/bmjgast-2015-000047/-/DC1).

Thirty-day mortality {#s2e}
--------------------

We followed patients from date of CRC surgery until death, day 30 postoperatively, or end of study, whichever came first. Information about date of death was obtained from the CRS.

Statistical analysis {#s2f}
--------------------

We used the Kaplan-Meier method to compute 30-day postoperative mortality of patients with CRC in each HSA category.[@R34] To quantify the excess mortality associated with the decrement of HSA, we computed absolute mortality difference with 95% CIs between patients with HSA above 40 g/L and patients with HSA equal to or below 25 g/L.[@R35] We used Cox regression analysis to compute HRs with 95% CIs as a measure of the relative risk of postoperative mortality using patients with preoperative HSA above 40 g/L as reference and controlling for potential confounding factors.

We stratified patients by elective versus non-elective hospital admissions, age category (0--59, 60--69, 70--79, and 80+ years), gender, cancer site (colon or rectum), cancer stage, type of surgery, comorbidity level, marital status, MELD score (\<10 and ≥10), year of surgery (1997--2005, 2006--2011), and by preoperative concentration of CRP (≤10, \>10 and ≤20, \>20 and ≤50, and \>50 mg/L). The regression analysis using categorisation of HSA assumes that the impact of HSA on mortality is equal within the same HSA category and that it is discontinuous as interval boundaries are crossed.[@R36] In order to bridge such limitation, we used fractional polynomial Cox regression analysis to graphically describe adjusted HRs for 30-day mortality associated with preoperative HSA (as continuous variable) overall and stratified by CRP levels, assuming HRs equal to 1 for HSA equal to 40 g/L.[@R37]

Finally, we conducted a sensitivity analysis where missing data for type of admission, CRC stage (*ie,*stage unknown), preoperative HSA, and other laboratory measurements were imputed deterministically with 20 cycles of regression switching assuming data were 'missing at random'.[@R38] Adjusted HRs and 95% CIs for 30-day mortality for each HSA category compared with HSA above 40 g/L were assessed using the imputed data sets.

Analyses were performed using STATA V.12.0 (StataCorp LP, College Station, Texas, USA). The study was approved by the Danish Data Protection Agency (record number 2009-41-3866). Data obtained from Danish registries are generally available to researchers and their use does not require informed consent.

Results {#s3}
=======

Descriptive data {#s3a}
----------------

We identified 10 347 patients (median age 71, IQR 62--78) undergoing first-time CRC surgery during the study period ([table 1](#BMJGAST2015000047TB1){ref-type="table"} and [figure 1](#BMJGAST2015000047F1){ref-type="fig"}).

###### 

Characteristics of patients undergoing surgery for colorectal cancer

                                    Serum albumin concentration                                                           
  --------------------------------- ----------------------------- ------------- ------------- ------------- ------------- -------------
  Gender (%)                                                                                                              
   Male                             143 (35.7)                    371 (47.3)    844 (48.5)    1660 (54.2)   1910 (57.1)   514 (51.0)
   Female                           258 (64.3)                    413 (52.7)    898 (51.6)    1405 (45.8)   1437 (42.9)   494 (49.0)
  Median age (IQR)                  76 (68--82)                   76 (68--82)   75 (65--81)   71 (63--78)   67 (59--74)   71 (61--79)
  Age, years, (%)                                                                                                         
   \<60                             48 (12.0)                     64 (8.2)      234 (13.4)    549 (17.9)    857 (25.6)    210 (20.8)
   60--69                           60 (15.0)                     170 (21.7)    380 (21.8)    824 (26.9)    1122 (33.5)   237 (23.5)
   70--79                           154 (38.4)                    280 (35.7)    605 (34.7)    1064 (34.7)   990 (29.6)    317 (31.5)
   ≥80                              139 (34.7)                    270 (34.4)    523 (30.0)    628 (20.5)    378 (11.3)    244 (24.1)
  Type of admission (%)                                                                                                   
   Elective                         122 (30.4)                    348 (44.4)    1128 (64.8)   2544 (83.1)   3118 (93.2)   534 (53.5)
   Non-elective                     279 (69.6)                    435 (55.6)    612 (35.2)    516 (16.9)    227 (6.8)     465 (46.2)
   Missing                          0                             1 (0.1)       2 (0.1)       5 (0.16)      2 (0.1)       9 (0.9)
  Cancer site (%)                                                                                                         
   Colon                            302 (75.3)                    599 (76.4)    1212 (69.6)   1856 (60.6)   1689 (50.5)   779 (77.3)
   Rectum                           99 (24.7)                     185 (23.6)    530 (30.4)    1209 (39.5)   1658 (49.5)   229 (22.7)
  Cancer stage (%)                                                                                                        
   Localised                        124 (30.9)                    251 (32.0)    671 (38.5)    1287 (42.0)   1517 (45.3)   385 (38.2)
   Regional                         98 (24.4)                     205 (26.2)    460 (26.4)    841 (27.4)    1051 (31.4)   299 (29.7)
   Metastasised                     119 (29.7)                    215 (27.4)    365 (21.0)    527 (17.2)    340 (10.2)    206 (20.4)
   Unknown                          60 (15.0)                     113 (14.4)    246 (14.1)    410 (13.4)    439 (13.1)    118 (11.7)
  Type of surgery (%)                                                                                                     
   Open radical resection           266 (66.3)                    579 (73.9)    1369 (78.6)   2470 (80.6)   2546 (76.1)   721 (71.5)
   Laparoscopic radical resection   4 (1.0)                       7 (0.9)       65 (3.7)      271 (8.8)     541 (16.2)    121 (12.0)
   Non-eradicative procedures       131 (32.7)                    198 (25.3)    308 (17.7)    324 (10.6)    260 (7.8)     166 (16.5)
  Comorbidity (%)                                                                                                         
   Low                              205 (51.1)                    375 (47.8)    928 (53.3)    1752 (57.2)   2153 (64.3)   651 (64.6)
   Moderate                         134 (33.4)                    279 (35.6)    585 (33.6)    969 (31.6)    916 (27.4)    271 (26.9)
   High                             62 (15.5)                     130 (16.6)    229 (13.2)    344 (11.2)    278 (8.3)     86 (8.5)
  Alcohol-related disease (%)                                                                                             
   No                               386 (96.3)                    764 (97.5)    1707 (98.0)   3017 (98.4)   3290 (98.3)   988 (98.0)
   Yes                              15 (3.7)                      20 (2.6)      35 (2.0)      48 (1.6)      57 (1.7)      20 (2.0)
  Marital status (%)                                                                                                      
   Married                          172 (42.9)                    359 (45.8)    855 (49.1)    1731 (56.5)   2139 (63.9)   516 (51.2)
   Never married                    40 (10.0)                     55 (7.0)      137 (7.9)     218 (7.1)     214 (6.4)     82 (8.1)
   Other                            189 (47.1)                    370 (47.2)    750 (43.1)    1116 (36.4)   994 (29.7)    410 (40.7)

![Flow chart showing the selection of patients with colorectal cancer (CRC).](bmjgast2015000047f01){#BMJGAST2015000047F1}

Of those, 9339 (90.3%) had at least one measurement of HSA in the 30 days before surgery and 8381 (81.0%) in the week before surgery. HSA below 35 g/L was present in 26.4% (n=2464) of patients with preoperative HSA measurement. Patients with HSA equal to or below 40 g/L were more likely to be old, female, and to have comorbid conditions including alcohol-related disease as compared with those with HSA above 40 g/L ([table 1](#BMJGAST2015000047TB1){ref-type="table"}). Moreover, compared with patients with HSA above 40 g/L, patients with lower HSA were more likely to have metastasised cancer and primary localisation in the colon. The prevalence of non-elective admission increased with the decrease of HSA. The distribution of individual diseases included in the CCI for each HSA category is reported in online [supplementary table](http://bmjopengastro.bmj.com/lookup/suppl/doi:10.1136/bmjgast-2015-000047/-/DC1) S2. Information on other preoperative blood tests and MELD score for each HSA category is reported in [table 2](#BMJGAST2015000047TB2){ref-type="table"}. Preoperative CRP was available for 66.1% (n=6841) of patients and it was markedly increased among patients with low HSA ([table 2](#BMJGAST2015000047TB2){ref-type="table"}). Information about patients with missing preoperative HSA (n=1008) is reported in [tables 1](#BMJGAST2015000047TB1){ref-type="table"} and [2](#BMJGAST2015000047TB2){ref-type="table"}, and online [supplementary table](http://bmjopengastro.bmj.com/lookup/suppl/doi:10.1136/bmjgast-2015-000047/-/DC1) S3.

###### 

Preoperative blood measurements in patients undergoing surgery for colorectal cancer

                             Serum albumin concentration                                                                          
  -------------------------- ----------------------------- ------------------ ----------------- ---------------- ---------------- -----------------
  Albumin, g/L                                                                                                                    
   Mean (SD)                 22.0 (3.0)                    28.4 (1.4)         33.3 (1.4)        38.1 (1.4)       43.4 (2.1)       --
   Median (IQR)              23 (21--24)                   29 (27--30)        34 (32--35)       38 (37--39)      43 (42--45)      --
  Haemoglobin, mmol/L                                                                                                             
   Median (IQR)              6.6 (6.1--7.6)                6.9 (6.3--7.6)     7.3 (6.5--8)      7.9 (7.1--8.7)   8.5 (7.8--9.1)   8.0 (7.1--8.8)
   Missing, n (%)            0                             2 (0.3)            3 (0.2)           10 (0.3)         8 (0.2)          553 (54.9)
  Sodium, mmol/L                                                                                                                  
   Median (IQR)              137 (134--139)                137 (135--140)     139 (137--141)    140 (138--142)   140 (139--142)   140 (137--141)
   Missing, n (%)            0                             2 (0.3)            2 (0.1)           3 (0.1)          2 (0.1)          572 (56.8)
  Potassium, mmol/L                                                                                                               
   Median (IQR)              3.8 (3.4--4.2)                3.9 (3.5--4.3)     4 (3.7--4.3)      4.1 (3.8--4.3)   4.1 (3.8--4.3)   4 (3.7--4.3)
   Missing, n (%)            0                             3 (0.4)            2 (0.1)           3 (0.1)          1 (\<0.1)        569 (56.5)
  Leucocytes, 10^9^/L                                                                                                             
   Median (IQR)              11.2 (8.5--15.1)              10.0 (7.8--13.2)   8.8 (6.9--11.2)   8.0 (6.5--9.9)   7.4 (6.1--9.0)   9.1 (6.9--11.8)
   Missing, n (%)            28 (7.0)                      82 (10.5)          359 (20.6)        846 (27.6)       945 (28.2)       752 (74.6)
  Creatinine, µmol/L                                                                                                              
   Median (IQR)              68 (55--85)                   74 (61--93)        78 (66--93)       79 (68--95)      77 (67--90)      78 (67--91)
   Missing, n (%)            0                             1 (0.1)            0                 5 (0.2)          1 (\<0.1)        556 (55.2)
  C reactive protein, mg/L                                                                                                        
   Median (IQR)              85 (41--146)                  51 (24--102)       26 (10--62)       10 (10--26)      10 (8--10)       19 (10--55)
   Missing, n (%)            40 (10.0)                     121 (15.4)         460 (26.4)        1019 (33.3)      1054 (31.5)      812 (80.6)
  Platelet, 10^9^/L                                                                                                               
   Median (IQR)              411 (309--537)                392 (300--514)     353 (278--455)    316 (250--398)   290 (242--353)   324 (253--417)
   Missing, n (%)            80 (20.0)                     197 (25.1)         537 (30.8)        1027 (33.5)      1065 (31.8)      818 (81.2)
  INR                                                                                                                             
   Median (IQR)              1.2 (1.1--1.3)                1.1 (1.0--1.2)     1.0 (1.0--1.1)    1.0 (1.0--1.1)   1.0 (0.9--1.1)   1.1 (1.0--1.2)
   Missing, n (%)            121 (30.2)                    276 (35.2)         682 (39.2)        1162 (37.9)      1123 (33.6)      845 (83.8)
  Bilirubin, µmol/L                                                                                                               
   Median (IQR)              9 (6--13)                     8 (6--13)          8 (5--11)         8 (6--11)        8 (6--11)        10 (7--12)
   Missing, n (%)            72 (18.0)                     214 (27.3)         625 (35.9)        1130 (36.9)      1036 (31.0)      821 (81.5)
  ALAT, U/L                                                                                                                       
   Median (IQR)              17 (11--28)                   17 (12--28)        17 (12--25)       17 (13--25)      20 (15--27)      18 (13--28)
   Missing, n (%)            135 (33.7)                    324 (41.33)        812 (46.6)        1410 (46.0)      1204 (36.0)      815 (80.9)
  MELD                                                                                                                            
   \<10, n (%)               177 (44.1)                    331 (42.2)         720 (41.3)        1308 (42.7)      1742 (52.1)      100 (9.9)
   ≥10, n (%)                76 (19.0)                     97 (12.4)          120 (6.9)         200 (6.5)        127 (3.8)        20 (2.0)
   Missing, n (%)            148 (36.9)                    356 (45.4)         902 (51.8)        1557 (50.8)      1478 (44.16)     888 (88.1)

ALAT, alanine aminotransferase; INR, international normalised ratio; MELD, Model for End-Stage Liver Disease.

Postoperative mortality {#s3b}
-----------------------

Overall 30-day mortality increased from 2.0% in patients with HSA above 40 g/L to 26.9% in patients with HSA equal to or below 25 g/L ([table 3](#BMJGAST2015000047TB3){ref-type="table"} and [figure 2](#BMJGAST2015000047F2){ref-type="fig"}), corresponding to an absolute mortality difference of 25.0% (95% CI 20.6% to 29.3%).

###### 

Thirty-day mortality and corresponding HRs in patients with different preoperative serum albumin concentration undergoing surgery because of colorectal cancer, overall and stratified by type of admission, cancer type, and period of surgery

                                                                                HR (95% CI)              
  ------------------------------------------ ------ ----- --------------------- ------------------------ -----------------------
  *Colorectal cancer surgery*, albumin g/L                                                               
   ≤25                                       401    108   26.9 (22.9 to 31.6)   15.89 (11.69 to 21.59)   7.59 (4.95 to 11.64)
   26--30                                    784    154   19.6 (17.0 to 22.6)   10.91 (8.18 to 14.56)    5.19 (3.53 to 7.63)
   31--35                                    1742   163   9.4 (8.1 to 10.8)     4.92 (3.70 to 6.56)      2.58 (1.80 to 3.69)
   36--40                                    3065   149   4.9 (4.2 to 5.7)      2.50 (1.87 to 3.34)      1.75 (1.25 to 2.45)
   \>40                                      3347   66    2.0 (1.6 to 2.5)      1.00                     1.00
  *Elective admission*‡, albumin g/L                                                                     
   ≤25                                       122    30    24.6 (17.9 to 33.2)   15.32 (9.84 to 23.83)    8.08 (4.45 to 14.67)
   26--30                                    348    62    17.8 (14.2 to 22.3)   10.57 (7.38 to 15.15)    5.31 (3.27 to 8.62)
   31--35                                    1128   90    8.0 (6.5 to 9.7)      4.50 (3.23 to 6.26)      2.56 (1.68 to 3.90)
   36--40                                    2544   99    3.9 (3.2 to 4.7)      2.15 (1.55 to 2.98)      1.52 (1.04 to 2.21)
   \>40                                      3118   57    1.8 (1.4 to 2.4)      1.00                     1.00
  *Non-elective admission*‡, albumin g/L                                                                 
   ≤25                                       279    78    28.0 (23.1 to 33.6)   8.19 (4.11 to 16.33)     7.78 (3.17 to 19.12)
   26--30                                    435    92    21.2 (17.6 to 25.3)   5.83 (2.94 to 11.57)     5.36 (2.23 to 12.88)
   31--35                                    612    73    11.9 (9.6 to 14.8)    3.14 (1.57 to 6.28)      2.68 (1.12 to 6.44)
   36--40                                    516    50    9.7 (7.4 to 12.6)     2.51 (1.23 to 5.10)      2.32 (0.97 to 5.55)
   \>40                                      227    9     4.0 (2.1 to 7.5)      1.00                     1.00
  *Age 0--59 years*, albumin g/L                                                                         
   ≤25                                       48     6     12.5 (5.8 to 25.7)    23.03 (7.03 to 75.46)    7.39 (1.32 to 41.22)
   26--30                                    64     9     14.1 (7.6 to 25.3)    25.55 (8.56 to 76.24)    11.84 (2.65 to 52.97)
   31--35                                    234    9     3.9 (2.0 to 7.3)      6.68 (2.24 to 19.94)     2.18 (0.51 to 9.35)
   36--40                                    549    10    1.8 (1.0 to 3.4)      3.15 (1.08 to 9.20)      2.29 (0.69 to 7.61)
   \>40                                      857    5     0.6 (0.2 to 1.4)      1.00                     1.00
  *Age 60--69 years*, albumin g/L                                                                        
   ≤25                                       60     9     15.0 (8.1 to 26.8)    15.11 (6.37 to 35.87)    6.63 (2.13 to 20.61)
   26--30                                    170    26    15.3 (10.7 to 21.6)   15.39 (7.77 to 30.50)    4.75 (1.77 to 12.76)
   31--35                                    380    21    5.5 (3.6 to 8.4)      5.26 (2.59 to 10.69)     2.55 (1.03 to 6.31)
   36--40                                    824    17    2.1 (1.3 to 3.3)      1.94 (0.92 to 4.05)      1.34 (0.57 to 3.15)
   \>40                                      1122   12    1.1 (0.6 to 1.9)      1.00                     1.00
  *Age 70--79 years*, albumin g/L                                                                        
   ≤25                                       154    43    27.9 (21.5 to 35.7)   11.89 (7.35 to 19.24)    8.76 (4.40 to 17.44)
   26--30                                    280    54    19.3 (15.1 to 24.4)   7.71 (4.86 to 12.24)     5.23 (2.79 to 9.77)
   31--35                                    605    46    7.6 (5.8 to 10.0)     2.87 (1.78 to 4.61)      2.12 (1.19 to 3.80)
   36--40                                    1064   49    4.6 (3.5 to 6.1)      1.70 (1.06 to 2.72)      1.41 (0.83 to 2.40)
   \>40                                      990    27    2.7 (1.9 to 4.0)      1.00                     1.00
  *Age 80+ years*, albumin g/L                                                                           
   ≤25                                       139    50    36.0 (28.6 to 44.5)   7.54 (4.56 to 12.45)     7.09 (3.50 to 14.36)
   26--30                                    270    65    24.1 (19.4 to 29.6)   4.57 (2.82 to 7.40)      4.57 (2.40 to 8.68)
   31--35                                    523    87    16.6 (13.7 to 20.1)   3.03 (1.90 to 4.83)      2.66 (1.46 to 4.85)
   36--40                                    628    73    11.6 (9.4 to 14.4)    2.05 (1.28 to 3.31)      2.17 (1.22 to 3.86)
   \>40                                      378    22    5.8 (3.9 to 8.7)      1.00                     1.00

Age and admission type were largely responsible for the change in estimates by adjustment.

^\*^Calculated using the Kaplan-Meier method.

†Mutually adjusted for gender, age (both as a continuous and a categorical variable), type of admission, operation year (calendar year), county, cancer site, cancer stage (excluded patients with stage 'unknown'), comorbidity level, alcohol-related disease, liver disease, marital status, haemoglobin, sodium, potassium and creatinine (number of observations with complete data=8033).

‡Information on type of admission is missing for some patients. Therefore, the sum of patients with non-elective and elective admissions is not equal to the number of all patients included in the study.

![Crude 30-day mortality curves for patients undergoing surgery for colorectal cancer according to preoperative serum albumin concentration.](bmjgast2015000047f02){#BMJGAST2015000047F2}

The adjusted HRs increased from 1.75 (95% CI 1.25 to 2.45) among patients with HSA 35--40 g/L to 7.59 (95% CI 4.95 to 11.64) among patients with HSA equal to or below 25 g/L, compared with patients with HSA above 40 g/L. As expected, in each HSA category 30-day mortality was higher among patients admitted non-electively than among patients with an elective admission. Similarly, elderly patients had higher postoperative mortality than younger patients ([table 3](#BMJGAST2015000047TB3){ref-type="table"}). However, adjusted HRs showed that a decrease in HSA was associated with a gradually increased risk of mortality regardless of types of admission or age group ([table 3](#BMJGAST2015000047TB3){ref-type="table"}).

[Table 4](#BMJGAST2015000047TB4){ref-type="table"} shows 30-day mortality and corresponding adjusted HRs for subgroups of patients undergoing CRC surgery.

###### 

Thirty-day mortality and corresponding adjusted HRs with 95% CIs in subgroups of patients with different preoperative serum albumin concentrations undergoing surgery because of colorectal cancer

                                    Serum albumin concentration                                                                                                                                                  
  --------------------------------- ----------------------------- ------------------------ ------------ ----------------------- ----------- ---------------------- ----------- ---------------------- ---------- ------
  Gender                                                                                                                                                                                                         
   Male                             30.1 (43)                     8.23 (4.49 to 15.09)     24.5 (91)    5.79 (3.45 to 9.71)     10.3 (87)   2.68 (1.65 to 4.35)    5.2 (86)    1.73 (1.11 to 2.71)    1.9 (37)   1.00
   Female                           25.2 (65)                     6.79 (3.65 to 12.63)     15.3 (63)    4.28 (2.39 to 7.65)     8.5 (76)    2.29 (1.39 to 3.92)    4.5 (63)    1.64 (0.99 to 2.72)    2.0 (29)   1.00
  Cancer site                                                                                                                                                                                                    
   Colon                            29.8 (90)                     6.68 (4.01 to 11.14)     18.4 (110)   3.96 (2.47 to 6.34)     9.2 (112)   2.05 (1.32 to 3.20)    5.2 (96)    1.43 (0.94 to 2.19)    2.4 (41)   1.00
   Rectum                           18.2 (18)                     8.90 (3.77 to 21.05)     23.8 (44)    10.76 (5.40 to 21.44)   9.6 (51)    3.83 (2.06 to 7.12)    4.4 (53)    2.52 (1.44 to 4.41)    1.5 (25)   1.00
  Cancer stage                                                                                                                                                                                                   
   Localised                        17.7 (22)                     4.22 (2.14 to 8.36)      16.7 (42)    4.02 (2.25 to 7.19)     7.2 (48)    2.08 (1.24 to 3.46)    4.8 (62)    1.74 (1.10 to 2.73)    2.1 (32)   1.00
   Regional                         25.5 (25)                     11.01 (4.44 to 27.33)    15.1 (31)    5.88 (2.65 to 13.07)    7.8 (36)    3.90 (1.88 to 8.11)    3.7 (31)    2.11 (1.05 to 4.25)    1.2 (13)   1.00
   Metastasised                     38.7 (46)                     10.61 (4.72 to 23.88)    27.9 (60)    6.58 (3.05 to 14.18)    11.8 (43)   2.64 (1.25 to 5.58)    5.7 (30)    1.53 (0.74 to 3.19)    2.9 (10)   1.00
  Year of surgery                                                                                                                                                                                                
   1997--2005                       29.8 (78)                     4.40 (2.52 to 7.67)      20.4 (95)    3.03 (1.82 to 5.05)     8.2 (82)    1.39 (0.85 to 2.28)    4.5 (68)    1.05 (0.66 to 1.68)    3.1 (28)   1.00
   2006--2011                       21.6 (30)                     10.11 (5.17 to 19.79)    18.5 (59)    8.49 (4.84 to 14.92)    11.0 (81)   4.90 (2.94 to 8.15)    5.2 (81)    2.81 (1.76 to 4.49)    1.6 (38)   1.00
  Type of surgery                                                                                                                                                                                                
   Open radical resection           24.8 (66)                     5.32 (3.26 to 8.68)      16.2 (94)    3.43 (2.21 to 5.30)     8.6 (118)   2.03 (1.37 to 3.01)    4.9 (120)   1.52 (1.06 to 2.18)    2.2 (57)   1.00
   Laparoscopic radical resection   0                             ---                      14.3 (1)     --                      7.7 (5)     9.13 (1.32 to 63.34)   3.3 (9)     3.19 (0.74 to 13.78)   0.7 (4)    1,00
   Non-eradicative resection        32.1 (42)                     44.40 (9.48 to 207.97)   29.8 (59)    30.81 (6.91 to 41.59)   13.0 (40)   9.35 (2.10 to 41.59)   6.2 (20)    4.43 (0.98 to 20.05)   1.9 (5)    1,00
  Comorbidity                                                                                                                                                                                                    
   Low                              23.7 (49)                     7.87 (4.05 to 15.26)     15.9 (60)    5.39 (2.96 to 9.82)     6.6 (61)    1.91 (1.08 to 3.37)    2.8 (49)    1.22 (0.72 to 2.06)    1.3 (28)   1.00
   Moderate                         29.9 (40)                     9.36 (4.65 to 18.83)     23.0 (64)    6.68 (3.59 to 12.45)    10.9 (64)   3.31 (1.86 to 5.86)    6.6 (64)    2.10 (1.24 to 3.58)    2.9 (27)   1.00
   High                             31.7 (19)                     6.91 (2.45 to 19.53)     23.3 (30)    4.77 (1.91 to 11.94)    17.0 (38)   3.55 (1.51 to 8.34)    10.7 (36)   2.84 (1.25 to 6.43)    4.1 (11)   1.00
  Marital status                                                                                                                                                                                                 
   Married                          27.3 (47)                     11.09 (5.95 to 20.66)    20.1 (72)    6.70 (3.83 to 11.74)    8.3 (71)    3.52 (2.11 to 5.89)    3.7 (64)    1.72 (1.06 to 2.79)    1.5 (31)   1.00
   Never married                    25.0 (10)                     10.50 (1.72 to 64.07)    27.3 (15)    5.58 (1.05 to 29.76)    8.0 (11)    1.26 (0.27 to 5.87)    6.0 (13)    2.29 (0.59 to 8.79)    2.3 (5)    1.00
   Other                            27.0 (51)                     5.75 (3.03 to 10.92)     18.1 (67)    4.15 (2.32 to 7.41)     10.8 (81)   2.23 (1.30 to 3.81)    6.5 (72)    1.76 (1.06 to 2.91)    3.0 (30)   1.00
  Creactive protein‡, mg/L                                                                                                                                                                                       
   ≤10.0                            14.3 (2)                      5.33 (1.06 to 26.83)     9.5 (7)      1.81 (0.57 to 5.76)     6.2 (20)    1.88 (0.88 to 4.00)    4.1 (41)    1.48 (0.82 to 2.67)    1.6 (29)   1.00
   10.1--20.0                       13.8 (4)                      4.31 (0.87 to 21.32)     9.7 (7)      1.91 (0.53 to 6.85)     12.2 (27)   3.09 (1.21 to 7.86)    6.7 (27)    1.93 (0.83 to 4.50)    3.6 (11)   1.00
   20.1--50.0                       23.6 (17)                     7.47 (2.22 to 25.08)     21.0 (38)    7.26 (2.40 to 22.00)    9.6 (33)    3.38 (1.18 to 9.70)    5.6 (22)    1.88 (0.67 to 5.31)    2.7 (5)    1.00
   \>50.0                           29.3 (72)                     4.19 (0.97 to 18.12)     26.5 (89)    3.63 (0.86 to 15.35)    13.4 (53)   1.36 (0.32 to 5.85)    10.6 (26)   1.44 (0.33 to 6.25)    8.1 (3)    1.00
  MELD§                                                                                                                                                                                                          
   \<10                             23.2 (41)                     7.06 (3.61 to 13.80)     18.1 (60)    5.20 (2.87 to 9.42)     9.2 (66)    2.74 (1.60 to 4.71)    4.5 (59)    1.63 (0.99 to 2.69)    1.9 (33)   1.00
   ≥10                              43.4 (33)                     9.22 (3.27 to 25.97)     43.4 (42)    8.62 (3.17 to 23.42)    19.2 (23)   2.75 (1.03 to 7.32)    15.5 (31)   2.36 (0.94 to 5.92)    6.3 (8)    1.00

\*Calculated using the Kaplan-Meier method.

†Mutually adjusted for gender, age (both as a continuous and a categorical variable), type of admission, operation year (calendar year), county, cancer site, cancer stage (excluded patients with stage 'unknown'), comorbidity level, alcohol-related disease, liver disease, marital status, haemoglobin, sodium, potassium and creatinine (number of observations with complete data=8033).

‡Patients with preoperative C reactive protein measurement=6841.

§Patients with preoperative MELD=5018.

MELD, Model for End-stage Liver Disease; Ref., reference.

For all subgroups, postoperative mortality was lowest among patients with HSA above 40 g/L and gradually increased with decreasing HSA levels. Notably, 30-day mortality was affected even by changes within what is clinically considered the normal HSA range (35--40 g/L as compared with \>40 g/L) ([tables 3](#BMJGAST2015000047TB3){ref-type="table"} and [4](#BMJGAST2015000047TB4){ref-type="table"}). Adjusted HRs similarly showed a markedly high mortality associated with a decrease in HSA in most of the subgroups, especially among patients with HSA below 35 g/L. However, 95% CIs reflected imprecise estimates.

The strong relation between 30-day mortality and preoperative HSA was confirmed from the fractional polynomial analysis ([figure 3](#BMJGAST2015000047F3){ref-type="fig"}).

![Adjusted HRs for 30-day mortality, overall (A) and stratified by C reactive protein (CRP) levels (B), associated with preoperative human serum albumin concentration. Adjusted HRs in (A) are provided with 95% CI (dash lines).](bmjgast2015000047f03){#BMJGAST2015000047F3}

Sensitivity analysis {#s3c}
--------------------

The analysis using data with imputation of missing information on preoperative HSA and other variables revealed results similar to those reported above: the adjusted 30-day HRs were 7.50 (95% CI 5.10 to 11.03) for HSA below 25 g/L, 4.99 (95% CI 3.51 to 7.10) for HSA 26--30 g/L, 2.76 (95% CI 2.00 to 3.79) for HSA 31--35 g/L, and 1.78 (95% CI 1.32 to 2.40) for HSA 36--40 g/L, compared with HSA above 40 g/L.

Discussion {#s4}
==========

In this cohort study conducted within a population-based hospital setting, we found that 30-day mortality after CRC surgery was inversely associated with preoperative HSA concentration. Even within HSA levels that are clinically considered normal, we found that a decrease in HSA is associated with increased mortality. Moreover, the prognostic impact of decrement of HSA was independent of other preoperative conditions and of different CRP levels.

Our study extends current knowledge by examining the impact of preoperative HSA concentration on 30-day mortality following CRC surgery overall and in subgroups of patients within a population-based setting. Previous studies investigating short-term prognosis in patients undergoing CRC surgery reported increased risk of postoperative complications among patients with HSA below 35 g/L.[@R8] [@R14] [@R15] [@R39] [@R40] Lai *et al*[@R8] found a twofold increased 30-day mortality comparing patients with HSA below 35 g/L to those with HSA above 35 g/L. Our findings showed that the impact of HSA on 30-day mortality had a concentration--response pattern that was not limited to the cut-off of 35 g/L. Moreover, our results showed that the prognostic impact of HSA persisted even in subgroups of patients with different preoperative conditions that are reported to be associated with a decrement of HSA.

Decrement in HSA may have a direct impact on prognosis affecting organ vascularisation, hamper distribution of antibiotics, perpetuate inflammation, and promote intravascular coagulation. Indeed, during the past decade a better understanding of HSA structure and function has led to the concept that HSA has multifunctional properties ranging from provision of oncotic pressure, immune regulation, and endothelial stabilisation to being a molecule that works in the intracellular compartment modifying several key pathophysiological mechanisms.[@R41] A criticism that is often raised regarding causality between decreased HSA concentration and prognosis is that clinical trials provided contradictory results about prognosis following HSA administration, especially among critically ill patients.[@R42] However, HSA replacement has been shown beneficial in specific clinical conditions such as spontaneous bacterial peritonitis, patients with ascites receiving paracentesis, hepatic encephalopathy, and hepatorenal syndrome.[@R41] [@R47] Moreover, previous studies showing no benefit from HSA administration were performed in acute patients when their conditions were already worsened and this may have prevented the effect of HSA on prognosis. Finally, the quality of administrated HSA should also be questioned based on previous studies investigating HSA in commercial solutions that reported high prevalence of oxidised forms [@R48] and in vitro immunosuppressive activity.[@R49]

The main strengths of our study include its large size, its population-based design with uniform access to healthcare in Denmark, comprehensive laboratory data, accurate history of preadmission comorbidity,[@R29] and complete follow-up data. However, additional issues should be considered when interpreting our results. Exclusion of patients with CRC with missing data from the main analysis may have introduced selection bias.[@R50] However, the sensitivity analysis using imputed data provided estimates that were similar to those obtained from the complete case analysis. Therefore, it seems unlikely that missing data could have biased our findings. Unmeasured or only partially measured conditions (eg, malnutrition, infection, alcohol consumption, and smoking) known to affect HSA concentration may increase the risk of postoperative mortality also through a non-HSA-related pathway and therefore might have biased our estimates. However, the strength of association and the concentration--response pattern of HRs are unlikely explained only by residual or unmeasured confounding. Finally, we do not have information on cause of death and this prevents us from investigating possible differences in the specific complication leading to death among patients with different preoperative HSA concentrations.

In conclusion, our results showed that a decrement of preoperative HSA was associated with a concentration-dependent increased risk of mortality in the 30 days following CRC surgery even within concentration levels clinically considered normal. Furthermore, we showed that other preoperative conditions and patient characteristics including presence of systemic inflammation did not markedly affect the prognostic impact of HSA on postoperative mortality.
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